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Rod< nechanics data collected so far for the lvhite River Shale

Project is presanted in this report.

Prelirrinary designs for the rocsr and pillar dinensicrrs of the

projected mine based cn available data indicate that an cnrerall

recovery rate of 7V/. is achievable. It is stror,n tlat t}'e rate of

recc /ery cen be frrther ir::proved by dividing the area to be rnined

into nm or rDre regicns and oployirg differslt rocrr and pillar

<iirrgrsions in each region.

Additicnal rodc rrechenics r^ork ccmsidered necessaal for refinirg

the designs a:C gainiag greater ccrnfiderrce in thsn is outlined.
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1. II\TRODLCTICN

the l.lhite River Shale Project is schedr:1ed to mine and retort oi1

shale frcsr Ua end Ub, tr*o federal leased tracts in Uintah C,or-rrty,

Utah. As mining ccnrzultant of this project, the hbstern Divisicnr of
Ihe Clevelend-Cliffs Ircn Ccrrpany (CCIC) is at pressrt engaged in
preparing a ccrprehersive rnining p1an. CCIC gives dr:e recogniticrn

to the fact tlrat considerable lcng te:m benefits can be accrued by

designing a mine on the basis of sor.rrd rock nechrsrics principles. As

$&, collecticn of rock r^echanics data has been an ilportant aspect

of the erploratory drilling progran a;rd ccntinr:es to be so in sr:bseguent

phases of the project.

A totaL of twenry o<p1oratory dri1l holes have besr drilled widdn

aq:!d arould Ua and tb by various organizations orrer the past fo.r years.

Core r'as recovered frcm'uarious i::tenrals of interest in each hoIe. The

thirtesr holes of the drilling program corrdr:cted in late 1974 and early

1975 t"'ere logged dring &:lling and selected porticns of tfre core r,rere

se:t to tle Br-seau of ltines in Deriver for variors tests. \tarious geo-

physical logs r.ere n-rr in the holes of '..irich the 3-D velocity 1og end

delsiry 1og were specifically perfom,ed for deriviag certain nechanical

prcperties of tire rocks. Data collected so far range frcar logs of

obsenrable stn:chral featr:res 1i}e joints, partings, vLgs, etc., elasiic

ard otlrer PtrcPerty logs derived f:cm geophysical logs, and results of

labc atory tests crr cores fsr various reclsrical properties.

Ihis report presents the rock ueclsrics data collected to Cate for

the lihite River Shale Project together v;i-th tLe prelini::ery rocr;rand-

pi11ar Cesign, predicted er<tracEicrr ratio, sr?port reg:ire:ent forecasE,
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etc. for the peroposed mine based cm this data'

Frrther data collecticn, ccrnsidered necessarT to gain precise loovs-

ledge about tbe sCnrcttral featLres and tlre virgin strressfield in the area

ccnce:r:ed, is specified.

Additional aalytical r,ork required for refining tle designs and for

gainJng greater ccnfidsrce ln them is cutlined.

2. P.EIEVANT @OI,&Y

Geological irrforraticm abort the deposit to be nined and tJre nr-

ro-lnding gro-rrd is a basic. reErirerrrt for any rnining project' As such,

infornaticn regarding the oi1 shale deposits in Ua srd Lb gathered by

e*rploratory fuilling and other rea:s has besr presanted in a separate

geologic rePort. the geological secticn of this report is resgicted

to geological informaticn abort oil shale deposits in general a:'d those

in Ua and llb in partictrler that is of special lnterest to one d'esigning

an oi1 shale nine.

2.L Stratisaohv: Landr,ations md ccrntinuitv of Beds.

The oi1 shale deposits of irmediate econmic Potsltia1 occr'rring in

nortlnestern Colorado arC northeastern Utah belong to the sale lithologic

r.nit called tle Parach:te CYeek rnsrber of the GYeen River fornaticln

(Eocere). This latcer forraticn ccnsists of lacr:strine sedirslts of

sendstcnes, shales end narlstones deposited in separate basins i:! tle

tlp areas, r,a;:e1y Piceance CYeelc basin in Colorado and L'jntEh basin

in Utatr. lte Ctesr River fornaticrn occllrs in the l{ashalie and Clrest

River basins in ltroming as r"e11. lbe richest end thickest seqr:ence of

oi1 shale beds in both the Piceence CYeek basin a:d Uir,tah bas:n occ.'=
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at scne interrediate horizon in the Parachute Creek

called tle l'iahogary zone. L yet unspecified heiglrt

wre' in the tr,o tracts Ua and Lb is projected to be

River Shiale Project.

r.leliber ard ls

in the l'1ai:ogany

rnined by tJre l,ihite

The

interest

tro cl-,aracteristic featlEes of oi1 sbale deposits of partio:1ar

co the mine Cesigner are: 1)

U61i1[i"vtsua11y, oiI shale vfiich is a tlpe of

narlstone containing an oil yielding organic substarrce called hmrugl,

displays a rsr:arkably high degree of lernination. Porn-ever, r.rnlike in scre

neca^nrphic rocks such as schist, slate, etc. the lmirations are not

dr:e to any prefe:=ed orientaticn'r of scnre f1"Ly urineral but dr:e to vari-

aticns in prevalstt conditio'rs drEiry Ciffersrt cycles of depositicnr.

Such variaticns have in'parted d.iffersrt characteristics in terns of

color, physical properties, orgaric natter ccrntslt, etc. to the vario:s

layers of Ceposition. Ihe inplicaticn of this is that e<trapolaticnr of

ro& properties requireC for n''jle design frcn c'ne bedding borizpn to

anotl'.er is not adrrisable md cme has Lo be very carefiil virile atte-ptirg

to do so. Qr the positive siCe, since the lani:rations are not due to

the preferred oristtaticrr of fialry minerals, the physical bond betrveen tle
larinae is opected to be sfrcn:ger than is usually the case I'ith schistose

or slaty rocks r:n1ess specificalLy r^eakered by a physical discontirruity

such as a parting p1ane.

The otl'er characteristic of oi1 shale deposits, that is lateral

ccntinuity of beds, is as rea:rkable as the 1an',jnaticns. Distir:ctive oi1

shaLe beds can be idertified cruer very lcnrg distances and this is partic-

ularly t}te case r,rith several thjn tr:+f be& r^iich occr-E in the Parach.rte

Cteek rmber of the GYesr River fomaticrr. One sr:ch trrff bed arzeraging
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no nDre occlnrs in rhe }bhogany zsne of botlt

the Uintah and Piceance Creel< basi$ ard is called the ltffklli.
I'he l&hogany narker has besr er<tensively r:sed in literature as a

reference datun and r,rilI ccmtinr:e to be so used in the futr-re. Ihe

llahogany nrarker will be used as a refersrce marker in this report wittt

the positive sign indicating above the narker and tJre negative sign

lndicating belore it. the advantage of having ccnrtirn:or:s beds of rock

is t}at lateral extapolaticn of rodc properties in a partictrlar horizsr

is allor,zble and info:oraticnr frcrr 3 limigsd rurber of suitably positicnred

locaticnrs can yield representative 'rzalues for any rock property for a

particular horizon over a.wide area.

2.2

Descriptive logs of cores throgh tJ:e rnining zcme frcn the twanty

ayploratory holes are pressrted in Figwe 2 r"frile Figrse 1 strotils t}re

locaticn of the holes. For the purDose of this report the tqrn 

-
l" Althoagh this ds'rarcatic,n is

scne,iat erbitrarT it is almst certain tlrat this zcne I'ri1l contain

the rnining height of the futr:re in tracts Ua and Ub.

In tirc 1ogs, parting planes are pler:es parallel to the bedding ti:ich

act!811y separate the roch core. A11 obsenrable pre-existing f-nactlres

have besr noted and their orisrtation has tegr Cescribed by the a:rgle

ficn the pl^ane transrrerse to t}re core a-xis.

le. Lealer marlstcrte \'

is Cescribed suply as rnarlstcn:e. these logs rvilI be referred to later

tn thls report.

One other r:otable poinE is that

of Cores frcs'l bolora Drill- Holes for the
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This indicaEes that

inrenal in each bole is conposed of fairly eofiFetent gro'srd'

rlre cored

In Table

Reference1, certain relerrant data for the twanry holes are pr:esented.

to this table will tre rqade later in this r+ort'

3. I.ABORATORY TESIg

Selected lengths of cores frcro the. thirteen rrDsr' recstt holes'

rr,ar,ely P-l througfi P-4, X-l through x-6 and x-9 tlrrough x-11 rvere sent

to tlee U. S. &reau of }lines in Derlrer, r,ilro caried out a nrnber of

laboratorry tests crr then as parE of a joint indu'stry-Br-reau cooperative

agresFnt progra to test and assernble basic rod< rnchanics data in

oil shale. Il:e resrrlts of these tests are Press'tted in this sectirrn'

3.1 Tlroes of Tests

Ttre tesr-s car=ied or:t by the U. S. Br-reau of llines ere listed belcn^r

with a brief deseripticn of each test and its Ptq)ose'

a) In this test a cYlindrical test-

piece of rock is held betrresr the parallel platerrs of a testing rnaehine

on its flat ends end sr:bjected to a rDnotonically jncreasing cc'npressive

load paraLlel to r]re axis of the cylinder u1til fail-r.re occurs ' Longi -

tr.:dinal and laEeral defortratio,ns of the test-piece are llEasured as the

load is increased.

This test involves sr:bjecting a cylin&ical

test-piece of rod< to increasing ccrpressiye l-oad along cne of its
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disrrerral plmes as shsltrl in the adjoining

sketch turtil faih:re occ'urs by splitting along

the plane of loading. The load at failrre is

used in calctrlating the rtra>cfu.al tmsile srress

acting across t}re plane of failrse v,,irich is

ccnsidered as a close, altJrcn:gft not e:ract,

estirrate of th.e tsrsile strength of the rod<.

I

I

I

I

I

I

t this test rhe cr.rved surface of a cylindrical

test-piece is ccnrered by a thin usfirme srd a co'pressive load is

applied cn the flat srds r"trile the test-piece is contained in a chr.ber

of hydraulic fluiC naintained at a specified pressure. Ihe srd load is

lncreased urtil faih-re occurs but becar.rse of the ccnrfinectertt offered by

tl.€ fluid pressure the load car/-]ling capaciry of the rock is increased.

the friasial ccrpressive strargth of rod< is ttsr:s higher thsr the uncon-

fined ccrpressive strrangth, the ragniEude of the increase deperding rryon

tte ccnfining Pressure.

hhan a test-piece of ro& is sr:bjected to a load

it r-rrCergoes an initial ast.rrt of instaxltateors deforrnaticrr. lf the

applied load is uraintained ccrrstart at the origir.al level after the

initiel Cefo:r'aticrr the test-piece will fi:rther deforn with tine e"rert

if the load is not increased. I?ris

etc. A loorvledge

of tlre tiredepandsrt deforrnaticn prcperties of tl:e rodc is necessarJ'

for a re1i.ab1e estirate of the lcng-te:rr stabillty of ar:y strrr:cture

in rod: s:dr as mine pillar or a roof strata.

-5-



In the creep tests ca:ried out by the U. S. Bureetr of }dnes a

cylindrical tesc-piece is subjected to a ccrnstant r-rriarial load,

r:sr:ally 5V. or 757, of the r:nccrrfined cczrpressive strsgth, and the

deforr.raticnr is neaslred at regular intenrals over a period of tp to

30 &ys. A ploc of the rneasr-red deforcnaticrr against tirne strows the'

rate of creep defo::u:aticn.

Specific gravity is deternined

frcm the rneasured weight and '.r,oh-ne of the test-piece. ltris is apparent

specific gravity; tcwaner, tfre natr:ral porosity of oil strale is lorr and

the apparant specific gravity is ccnrsidered to be close to the rn:e

specific gravitry. For oil shale, specific graviry has besr for.ard to be

a r.seful indoc of other prcperties such as oil contstt, ccrrpressive

strengttr, etc. <=- /1*''-
BesiCes the above tests canied or.rt by the U. S. Bureau of l'tines in

Dg1',rer on cores frcnr the P ard X holes, results of tests ca:ried ort in

L972 on cores frcnr the fo-r S holes for G\rlf l'lineral Resotrces Co. are

also a'raileble. these latter tests perforneC by the Colorado Sctrcol

of llines include the rnccnfined ccrrpressive test, the Brazilian Test and

the Direct Tensile Test. Tl:e results of these tests have also besr

ircluCed in this report. The Direct Tensile Test invoh'es pr,:11ing apart

a cylindrical test-piece of rock and r,easrging the load at faihse

r*trich er,ables cne to deteradne the naxirn::r tensile stress withstooC

by tJre rock and hsrce the tensile strength of the roclc.

3.2 Results

In presanting tbe resllts of the abo.re tests an atterpt has been rrade

to Cerive a total pictr.re for t}e t\€ tracts. Data f:cn all of the

se\rmtees: holes has been ccrrsiCered end processed, &terever necessary'.
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A11 processing has bem eplained. Ra$r data is not presented rainly
because of tmLk. Ho\..ar€r, copies of all sr:ch data have bem transnitted

to the Ergineering l&nager, h;hite River Shale Project.

It r^rill te foud ln tlre fo[o'ring sectisns that vilrsr ccnsiderirg

the res:lts of a parEicular test a s;u11 nunber of res-ults have been

rejected because tJrey did not fit the renge displayed by the other

results. This is an accepted practice in rock nechanics data grocessing.

Rocks beiry a natlral sr:bstarce i:rewitably co,taining inhermt flans, it
is i:rpossible to obtain ccnpletely reprod:cible resrrlts.

3.2 -l llncorfined Ccnoressive Test

Test-pieces hravirg le,gth:di^ar.eter ratios of 1:1, 2:1 and 2.5:L

v'ere r-rsed for these tests. It is uell kno^zr t}at the unconfined ccx-,pressi've

sfrength of rock'varies $/ith the of tfre cest-

pieces

orCer to naintain mifo:mitry all the strength values obtained by tJre

tests have besr ccn-werted to eguivalent sfrargtJ.. of 1:1 length:dia:eter

ratio test-piece by the follo,'drg standard egr:aticn:

Co= Cbffi r

rntrere, Cp = Srrangth obtained frcrn test

D/L = Diareter to lagth ratio of test-piece

Co = Egrirralent stragth of 1:1 test-piece

lbe reason fe choosing 1:1 ratio as standerd is that pillars in the fi:tr:re

r':re vdll have approxirately tlrat ratio in actr:ality.

Tn
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Tbe rezults are presented in Table 2 r^tiich strorns the u-ean vah:es
of che ccrpressive strrength, Yorrg's }bdr:lus ard poisscn's Ratio together
with the standard deviation as a percentage of the uean ard the nurber
of tests.

segregaticnr of the results, according to locaticm with respect
to the l-'-hogany }Iarker, was canzied out by considering the range of
values obtained frcn differsrt lules. Tn doing so 67 of the data
f:cm the 155 indilidr:al tests had to be rejected because they did
not fit the other rezults for that horizcn. As sho^n in Table 2
the standard deviaticvn for the ccrroressive sfrargtJrs obtained by
tJris segregation is guite good-.

The ccrpressive strengtJr values frcm Tabre 2 are plottec in Figwe
3 as a histogran cnrer r},e miniry zcn1e, that is, fron forty feet above

to sixry feet belcn^r the }hhogany }Iarker. Figrre 3 shcps tlrat the
v:ekest regior: in the nining zcrre is frcur -12.g to -19.3. rhe
ccr.pressive strregth of this regicn is 10,29g pSI t L3.9fl.. Ttre sfrer:gth
histogran'r in Figre 3 can be r:seful in the funre in designing blasti'g
Patterns.

rn Figr-re 4 is shornn a histograrn of oi1 ccntent o'er the udnir€
?g.e' The inter:,'a1 used in thj-s diagran is cne foot and the oil congent
data vas obtained by averaging the Fischer Assay results for each horizom
ficm all Btenty holes. ltris is a sinple aritlmetic average and is not
r'eightec by the c3't"ity of the rock. carpariscn of Figr-re 3 anc Figure 4
inCicates that the ccrpressive strengtls r.ratch very r"eIl with the oil
ccrntents in accor&nce rdth the u'e1l lcncr^n fact that tJre tr-igher the oi1
content of oi1 shale the lor^,er is its strength.

Yo:lg's ibdu}:s was derived f-:rcrn the load-defon.raticrr (Icngin:dinal)
plot obtained fzcrn rhe tnccn'rfined ccr-pressi.r,e tesrs. sri uas*;l*W*



loaci-deforrmticrr plots \,rEre essentially

straight lines in this rar\ge. the load-Ceforrraticm (latera1) plot v:as

used for Ceriving tfre Poisscn's Ratio. Exacrinaticnr of Table 2 vrill reveal

that the Yor-arg's l4c&r}-rs and Poissonrs P.atio valr.es follcn the ge:eral

ru1e tlat the higher the srrength of rodr the higher the Yongrs lbdul:s
and the lor'er tb.e Poisscrrrs ltatio. Porn'ever, the star:&rd deviaticns

for both these gr:antities are rather high.

3.2.2 Brezili.an Test

the Brazili^sr tests on cores frcm the P and X holes r,Ere carried out

usirg test-pieces of length to di.a:reter ratio of 2.5:1 vdrile those on t}e
cores frcn the S holes raere dcrne r.rsirg test-pieces of length to di-a:eter

ratio of approxir.utely 0.672L. rhis cifference is not eryected to

affect t],e results.

Ibe Brazili:n test results are shorrn in Table 3. The interrrals

of Table 2 r.sed in segregatjng the ccnryressirre test results are used in
segregatirg these resrrlts as rnell. Thelve out of ninetry test results
r,ere rejected because they did rrot fit tl:e range of data for that
jntenral. Ihe starrCard deviaticns are good. Results of the Brazilierr

tests will be refe:red to later in tlre report.

3.2.3 Tria'i.a.l Test

The ri€xial tests !.€re ca-ied otrt using test-pieces of legth to
dj.anets ratio of 2.5:L. The restrlts are presented in TabLe 4 after
segregatirg t-her accordirig to the inten'als in Table 2. Of the 148 test
restrlts 9.452 had to be reJected becar:se the r,ra}:es dic rot fit tlre

ra:ge fcr that interrral. In crrder to Eiake a ccnpariscn the r-u:cor:fined

-10-
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cc{pressive strengths are aLso slrorrn in Table 4 after ccrnverting the

values given in Table 2 to egr:ivalent strength of 2.5:L length/dianeter

test-pieces using the eqroaticn in secticn 3.2.L.

Table 4 shovs that the er<tstt of increase in strength due to tle
confining pressure varies, the re-\im-ur increase being 54iL for 500 PSI

corrfining Fressure ai 947, for 1000 PSI confining press.re. the average

increases are 2L7" std 28/. for 500 PSI and 1000 PSI respectively. Il*rever,

lhis can be eplained by the fact that the

triaxial test is very smsitive to idhersrt flarns in the test-piece. Ihe

€D(istslce of a thin tar sean can drastically lou'er the strrargth and, with

the limited nrrnber of tests ca:ried out, this affects the average va}.re

significantly.

3.2.4 Specific Graviw Veasrsssrt

ltre results of specific gravity reasuraEnts are shoron in Table 2

alcngside the rncon-rfined co.rpressive test results. Ihe sten&rd deviaticrns

for the specific gavity reasurmerlt are oicellsrt.

3.2.5 Direct ?ensile Test

Di-rect ter:si1e tests r€re ceried or.rt in 1973 cn cores frcm the fos
S holes. The ucrk rcas dcn:e by the Colorado Scbool of l6nes for Grlf

llineral Resorrces Co. This test is very ssrsitive to certain cond.iticns

r"tdch are e:itre'ely difficult to ccntrol. the

I'bvertleless, tle res;r.rlts 6re presented in Table 5 for tl.e salce of record.

'. :
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3.2.6 CYeeo Test

Because of t!^eir tir,e ccnsuudrg ratln.e the fijtl range of creep tests

are rot yet ccrplete. Ihe ltrited apr-rrt of res'ults obtained fzcm the

Br-reau of Mines in Dsrver is presanted in Table 5.

' If the tine-dependent deforcraticrn of rocP. is plotted against ti.ro the

general shape of the cln:\re r^rill be as stsr,sn in Figrre 5. this ctrrrre cen

be divided into tlrree stages as shorvn in the figr:re. In the prinary stage

deforriation takes place at a higlr but diminislfng rate. Ihe rate of defor-

mation tl.sr settles dcnrr to a const€nt as tle seccndary stage is reached.

Finally the rate accelerates as tle tertiary stage is reached r,rntil faih-re

takes place. the total alptrrt of defo:ru:aticn in the prinary stage, tJre

rate of Cefo:rnaticrr in the secondary stage a:d the &.raticn of the

stage all depand crr the 1eryel of the ccrnstant load aprplied ard prevalerrt

ccnCitions of tqeratr.re, etc. the creep rate ulay be zero dependftg Won

the 1evel of loai in relaticrr to the natrre of the roclc.

In Table 6 the creep rate shcnn is tle seccndary creeP rate. The

oi1 ccmtsrt of tle test-piece is also giver to oable ccrrpariscrns to be

rnaCe. tle renrlts of Fischer assay crn tfre

test-piece alcn:e, rot crn tle cne-foot intenral containirg the test-piece

as eployed in tl€ general assay uork for rese.ve calculaticns.

It Ls Ciffictrlt to ralce any interpretaticn of tle results of tle

Li"i',i:ed rn:nb€r of tes-,s ca:cried out so far. ts-on'ever, the e''cpected gerrd

of 1or.r grade oil sbale slor,,{ng lon'er creep rate is bo:r:e out to scLre e:rten!

3',,o of the tests v=re canried out r:rrder a ccrrfining pressure of 500 PSI

uhiCr results in a lo"erirg of the creep rate as e..pected. lbre creeP

tests, both r.rrcqfined and r.nCer confiniry pressLres are Leirg carried out.

-u-



lhis is seen in cnee of the tr'o tests in Table 6 calried out tnder corrfined

ccnditicns. In cne of these tests a ccnfining Pressure of 500 PSI lo"ered

the creep rate f:rcm 14.05 to 8.23 microjnch/inch/&y.

of this ccnfining Pressrre is

as Eosltictned in section 3-2.3.

this rneans that the pillar.factors of safety as ccnptuted in Table 8 are

cornsenntive estinates. Seccnd1y,

It is, therefcrre, necessar)t to carI)r out scre IIDre creeP tests

urrder ccrrfining PressLlre r^'ith test-pieces of various gfades of oil cc'ntslt'

9. NAHCOLTTE oCq-RRnlCE!

Nahcolite is a rnineral f:equortly fou:d in oil shale deposics'

Gra:ically it is a bicarbcnrate of sodir:ut end is readily soluable irt

\dater. In the Pice:nce CYeek a-rd Uintah basins rnhcolite occlss e:rtst-

sively ue1l belov the lhhogary zcne rtrile jn the lhhogary zcne itseLf

r:hcclite occr:rerrces are rather eratic'

Tn tracts lb and tb nahcolite has besr inte=cepted in neasrrable

a"orrrts within the nining "*" i.l-i3o ot1 of t.lre tr'rcnty axploraticrt

_ho1es. Ihis is stpw in t}e litlrologic logs of Figr're 2' The average

thiclcress of tlese intercepts ls less than ttao feet ani they occur in

a zooe located f,rcrr 15 feet to 22 feet belgl'i tle lbhogany lbrk'er' Surr

tr.rcfold. First,
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rnarizing, rnhcolite ocqnrences are likely to be encountered in the

rnining zcne of lla and Lb in isolated pockets, no rore t}rarr ttno feet in

thicl.c:ess ard located approxirately 20 feet belcn the r::arker. Ihe

lateral errtslt of these pockets cerrrot be predicted br.rt are urlikely

to be urch greeter tlren their t}idsresses.

9.1 Effect of llahcolite cn Pillar Stabiliw

Although nahcolite itself is a nectranically strcrng mineral, its higlr

solubility in r,zter gives rise to problans lirenever it occr.rs in a nine.

As uerticned eerlier nehcolite is ecpected to occur in the urining

zone of Ua and tb in isolated pockets. As lcng as n:ch pockets are totally

srclosed r,j.thin tle pillar rod< they will not can:se ary problen. Honever,

if apprecjable arDr-lrts of ruhcolite are axposed, tle best way to Ceal

r^dth tlan is to seal off the aposed regicn to prevent erosicn of the

nahcolite. the sealing Day be dcne by applyiag en effective layer of

either shotcrete or any other vater sealir:g coating.

10. }g}E ROOF A}D SLIPFORT P€QUIRE.E\T

It has besr sho,.n in section 7.3.L that the roof of tJre prcposed
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. mine is very lil'.ely to be located at +20 feet vrith respect to the I,3l

Itris will prcnriCe a 4.35 foot thicl'. inr,ediate roof bed having a

cmpressive strength of 28,000 PSI followed by a 5.3 foot thick bec havirg
a ccn"pressive strerrgth of 19,000 pSI.

the roof eri11 thus be ccnposed of ccnpetelt roclc. .And tf no

Jointirg is for-rrd to intersect the roof roclc srctr a roof will not regrire
to be s.pported !y systanatic borti4g in all oposed areas. Areas in
prodrrcirg panels fiich lrill be in use for a relatively short period of
tine are unlikely to reguire any bolting frcrn the point of view of roof
stability althouglr systa:ratic bolting may be a statlrtory req'irsrEnt.
Iion'wer, all perrnanent oica'uaticn:s r,fiU have to be srryported by bolting.

11. zuITXE I.DRK

Tn the preceding pages of this report reference has been nade to
certain gaps in the rock r,reclranics data avaiLable to date. rt is
ir:portant to collect fi-sther data to fill fhese gaps. Ihis r*'i11 s:able
cne to nake refinesents in the desigrs presented here, thereby gainir€
greater ccnrfiCerce in thsn. Such additicnral r,ork ccn:siCered necessar;l

is listed in tLis secticrn.

11.L Field Ibrk

A t}|orolgfr suwey of all structl.ral featr-res such as joints, pertirg
planes, vl€s' etc. in the rninirg zcne should be carzied cut. Access to
tne nining zone by a test shaft is necessaqr for carrydag out zuch a

strvey- the finCings of an r-rrdergro.md stnrctrral suney will enable

cne to nr:P.e a Cefinite decisicnr cn tlre locaticrr of tie roof and a better
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assessrent of the stability of. the roof srrab and of the pill-ars. It

nay be usrticnred that a visual e:<aninaticn of the outcrcps at the }lells

Iiole Carrycn revealed scn':e jointing. ru*-*ever, these are of a stperficial

nature and are in no way indicative of the e<iststce of jointing turder-

gro,rrd.

It is partio:larly irrportant to checlc the exist

of arry fiozen horizontal stress of tectcnic origin. Such prirritive

stresses are anticipated in a wrntainous regicnr v*rere a free face for

stress-relief does not orist. It has been pointed out that the liells Ho1e

Canycrr, sitr.:ated to the east of Ub, mY have acted as srrctr a free face.

I!or^-ever, the rninirn-n distance betvrcsr this canycrr a'rd the eastern botndary

of I,;6 is approxinrately cne ndle. Ccnsidering this, it is rnlikely that

Iie11s Hole Cerrycn acted as a free face for tfre relief of horizcntal s

eicept, perhaps, for the eastern fzinges of Lb.

Ll.2 Le.borato:rr Tests

of t;1e facEor of safety can be made if the neasr-red'rralue of the m<fulus

of n-ptrre is used for tlis prrpose. Itrc&rh:s of npture tests should,

therefore, be canied otrt on cores frcm the roof rock. Ihese cores shou

be taken parallel to the beddir€ so that the loaCing during the test s

lates the actual loading of the roof strata in the r'ine.

In secticn 7.3.2 lt bas besr npnticned that

-v-
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F\rrther sagging of the rmf wiLl take place because of creep defon:aticn

of roof strrata. In order to assess the stability of the roof with regard

to tire-dependent sag, it is necessarlr to ccndrrcE scn'e creeP tests in

berrding. Thede tests need to be ca:rried out ctn cores of roof rod< alcne.

These cores should also be takan paralIeI to beiding.

Fina11y, creep tests in ccnnpressicn nrn being ca:ried out by the U. S.

Br-reau of Mines in Derver, are ccrrsidered adeguate. As rnerrticnred earlier

Fischer assays shcrtrld be dcrne cn al-I creeP test sarples. G\re or two

long-ter-n creep tests eitendi.ng c ner a year should also be carried otrt to

ched< arry decrease of the secondary creep rate.

11.3 AnalwicaL lbrk

The designs presstted in this report are based crr nenr.:al analysis

of stresses anC Cefonraticns. Iknvever, "M+

For e-xanpLe, the distribution of shear

si-resses in the pi11ar and the roof can be acctrately Ceter:rjned by The

. It is reccrirsrCed that a Finite Ele:slt

alalysis be cetxied out uhen all the funre data collecticn outlined in thib

secticn is ccrpleted. Srrch ar analysis will st€ble crne to verify tJre

stabilify of the roof ard the pillar with respect to she:r stresses,

ftrther refine the rocm and pillar designs already naCe ad also predict

the effect of rnining cn the gro-nd nrface.

.Fr.rther, iJ strress rreasr-nre,':ents reccnrnenCed in secticrt 11.1 reveal

tle eiistence of borizcrrtal stresses, particularly of a rn'rlciCirecticnal

netarre, an in-p1are aralysis shorl-d also be carried out. Ihis r"i-11 help

cne to select tle best orieritaticn for the nine ard the crptfui-n seclj€nce

of rdnirg r"'i.th respect to the prerralent sfressfield.

h$
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EABIX 1

Data Frcrr Dol-oraticn tso1es

I{o1e
Ilcber

Collar
Elevatiqr

Depth to
lhhogary
llarlcer

Cored Inte:rral
+ Above H.M.
- Eelor il.t{.

+581 to -493

+725 ro -37L

+726 rs 424

+551 to -473

+li!3 to -147

+181 to -125

+149 to -121

+L77 to -L2L

+142 to'-L24

+L72 rs -].'24

+L28 a -124

+132 to -121

+175 to -157

+ 55 rs -269

+47:-p-96
+79to-91
+39to-88
+314 ro -120

+154 xo -21+6

{410 to - 98

Core
Recc rq:\r

99.&

95.L7"

98.57.

99.t7,

99.67.

95.67,

99.n,

9L.57"

gg.n

99.n

98.9"

99.9A

97.57.

gg.g.

94.L7"

99.9,

99.r/,

98.T/.

99.8i

96.W,

P-1

?-2

P-3

P-4

x-1

x-2

x-3

x-4

x-5

x-5

x-9

x-10

x-11

s-1

s-2

s-3

s-4

E-1

E-2

E-3

52U.0

4990.5

s490.0

5718.5

5293.5

4984.0

5295.O

5242.5

5381.5

5472.4

5427.0

5453.5

526t.0

5242.0

5432.0

s334.0

5051.0

5292.0

5435.0

5433.0

745

819

796

703

1003

&L

470

837

812

682

9tA

972

855

872

868

1039

949

779

504

u2

IEIIE:

Average f,tspth to !/ahogany l.brker:
1. In Ua 926.0
2. T.n llb 710.0

.0-verage Core P.eccrr'er7: 98.V"

cn
frcnr Fbles

P-4,8-2,X-6

E-2,X-3,X-5

x-6,x-3,E-1

x-3,P-l,E-1

E-l,P-l,X-2

x-5,E-1,x-5

E-l,X-2,X-4

x-5,E-l,X-4

E-3,X-4,X-5

x-5,x-5,E-3

P-4,X-5,E-3

E-3,X-4,S-1

E-3,X-9,S-1

E-3,X-9,P-3

P-3,X-9,S-2

s-2,x-10,x-11

s-2,).,-11,X-9

x-9,x-11,S-1

x-11,P-2,S-1

x-10,x-11,s-3

x-10,x-1,s-3
's-3,x-l,s-4

s-3,P-2,S-4

x-11,S-3,P-2

of Dip

2057'32"

2"53',25"

2036t 10"

30 7'L7"

1039'55"

2039'45"

1039'55"

2010'39"

2. 1r lrt

2029' 3"

2031'34"

Lo51t59"

1059'37"

2c !tl*,tl

2" 5'27"

L"46'.2L"

Lo4s',24"

L"42',].2"

l"u'22"
1035'rg"

1"34t 6"

1"39t 4"

1039'50"

L'45'57"

sgg'

D:85'

lt4
M50

N570

lI57'

N62'

lY+5'

N59'

It60'

I:51'

l{50'

lt45'

r:45

li40'

lI43'

1t32"

N360

I.136

ti35'

ra9

139

le7'

}310

tlt

' I.I

,w

l' $i

lvt
lH
tw
tu

'42'Tr:

t l.;

t Ir'

rIt
rI.?

'48't:

tw
tw
tw
thl

'lI
,w
lW
tw

'rt

l'E[E:

Average Dio of I'ehogan;v i'!
f . in ua'1'32'33"-oi Z.2. rn tb 2'26',56" or 4.
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TABLE 3

BRAZILIAN TEST RESULTS

Location of
Interval l{ith
Respect To
llahogany
Marker

* Above (ln feet)
- Below (tn feet)

+46.9 to +37.6

+37.6 ro +30.9

+30.9 to +25.51

+25.61 to +21.25

+2L.25 ro +15.18

+15.18 to * 8.4

+8.4 to 0

0 to - 4.OZ

- 4.02 to -12.8

-12.8 to -19.30

-19.3 to -30.8

-30.8 to -39.8

Brazillan Strength

-39.8

-42.8

-42.8

-49.8

llean
Value

PSI

860

1255

1108

to72

1079

1096

t267

L276

949

1174

1170

LL47

903

1104

t223

LL72

24.3

14.3

22.4

L7.2

8,6

11.7

14.9

20.2

16.0

5.5

11.6

15.7

9.7

L7.4

16.8

Per Cent liurnber
Standard of
Deviation Tests

3

6

to

to

4

5

6

9

4

9

7

2

5

6

4

-49.8 to -57.5

-57.5 to -60.8



Locatlon of-
Interval lfltb
Respect To

Dlahogany Marker
*Above
-Below

Unconflned
Compresslve

Strength
Converted

to 2.5:l LID
Ratl.o

TABLE 4

RESTILTS OF TRIA.\IAL TESTS

Trlaxlal Strength at
500 PSI Confinine Pressure
Meaa Per Cent
Value Standard No. Of
PSI Dev{ation Tests

+45.9

+37.61

+30.9

+25.61

+2L.25

+15.18

+ 8.4

0

- 4.02

-L2.8

-19.3

-30.8

-39.8

-42.8

-49.8

-57.5

+37.61

+30.9

+25.61

+2L.25

+15.18

+ 8.4

0

- 4.O2

-12.8

-19.3

-30.8

-39.8

-42.8

-49. I

-57.5

-60.8

L6496

29603

t6425

24256

15728

TLO27

18307

22500

11714

8926

9732

L4789

1s859

12133

15151

21150

L7249

36952

2L334

37387

16021

11899

24323

24680

11941

13599

L2360

15570

16150

L7476

16888

18350

LL.22

27.t9

24.57

9.69

7.51

27.O8

29.26

15. 48

29.0

22.29

I
3

to

to

to

to

to

2

5

5

2

7

6

5

7

5

2

7

1

5to

Triaxlal Strength
fln

Mean
VaIue

PSI

20569

35046

20789

30066

t6992

L4789

26705

27 498

13136

17309

13669

15958

L7720

19125

15511

23487

Per Cent
Standard
Deviatlon

18.51

25.68

13.32

8.97

16.36

25.70

12.33

12.07

23,79

22.26

of
ts



TABLE 5

REST'LTS OF DIRECT TE]iSILE TESTS

Hole
liumber

s-1

s-1

s-1

s-2

s-2

s-2

s-3

s-3

s-3

s-3

s-3

s-3

s-3

s-4

s-4

s-4

s-4

s-4

s-4

s-4

Location
wlrh

Respect To
l(ahogany
llarker

+42.L5

+36.65

-51.05

+36.1

+27.35

-43.95

+35.75

+25.1

+14.95

- 4.45

-26.45

-52.35

-63.05

+33.8

+28.4

+18.05

+ 9.1

-22.2

-55.9

-55.5

Tenslle
Strength

PSI

100

22

515

7L

537

114

57

s85

L22

143

857

2L4

257

72

287

230

857

29

430

337



Hole
lfunber

Locatl.on wlth
Respect to
Mahogaoy
llarker

TABLE 6

Results of Creeo Tests

Level of Load
as Fractlon of

Oil Content Estinated
frm UnconfLned

Fischer Assay Compressl.ve.
Ga1./Ton Strength

P-I

P-1

P-2

?-2

P-3

P-3

P-3

P-4

P-4

x-1

x-10

+39.1

-2L.9

+44.8

+44.8

+23.3

-66.7

-66.7

+ 9.3

-20.7

+14.1

-28.3

23.77

15.99

12.60

13.08

3.15

70.50

70.50

38.31

L7.92

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.33

0.5

*These two tests were carrled out under conflning Pressure

Creep Rate
1a

Mlcrolnch/lnch/d

55.0

33.9

L5.7

30.0

0

14.05

8.23t

37.0

14.0

10.6

23'r

of 500 PSI.



TABI.E 7

Cororessive Stre:gths of the }*oPany Zcn:e in Piceence CYeek Basin

l'lahogany nrarker,
feet

specinErrs
tested s

Ccn"pressive

31.6 abow
2L.5-26.8 above
20 aborze
18.5 aborc
10 above
4.2 above
2.5 belq^'
4.5 belogt
7 belcm
10 belor
12.5 belcrl
14 bel<rs
14.5 below
15.5 belcn'
17 belo,'
17.5 belcn
18.5 bel-oo
20 belor
20.5 below
23 beloe
23 belcp
25.6 belcn
27 below
31 belov
33 below
37 belcxr
39.5 belcn-'
46.5 belo"r

2
2
3
1
2
1
1
2
2
1
I
3
5
3
1
1
8
1
I
2
2
2
3
3
1
1
2
2

Roof
do.
do.
A
B'c
D
D
D
D
E
E
E
F
F
F
F
G
G
G
G
G
G
H
H
H

.HI

L5,380
14,990
L2,430
17,100
15,000
17,100
19,000
12,650
11,730
10,700
12,520
9,290
7,350

11,910
9,190

12,030
8,150

14,480
L4,470
10,250
8,600

14,090
L2,960
8,550

13,600
15,390
L7,280
12,7AO

beds v;ere groped into l0-letEered beds.

\bte: this table is g:oted f:cn U. S. hrreau of Mines, Ibport of In'"'estiga
lb. 5089, 1954 bD, R. H. lhlrill.



Room
width
Feet

Pillar
Dimensions

Feet

55 45.0 X 45.O

55 50.0 X 50.0

55 55.0 X 55.O

55 60.0 X 60.0

55 65.0 X 65.0

55 50.0 x 70.O

55 50.0 x 75.O

55 55.0 X 70.O

55 55.0 X 75.O

57.5 50.O X 50.O

57.5 55.0 X 55.O

57.5 57.5 X 57.5

57.5 60.0 X 60.0

57.5 50.0 X 70.O

57.5 50.0 X 75.0

57.5 55.0 X 70.O

37.5 55.0 X 75.0

60 53.0 X 55.0

60 60.0 x 60.0

60 65.0 X 65.0

60 50.0 x 70.o

60 50.0 x 75.o

€0 55.O X 70.O

60 55.O X 75.O

60 60.0 x 75.O

Extraction
Ratio

o.?975

o.7732

0.750

o.7278

0.7065

0.7333

o.7253

0.720

0.7115

0.7837

0.7610

0.750

o.7392

0.7543

o.?367

0. 7316

o.7233

0.7713

o.750

o.7296

0.7552

o.7473

o.7423

o.7343

o.7222

TABLE 8

EXTRACTTON PNTIOS }jiD PTLI.AR F}.CTORS OF SEFETY

ltaximurn Pi11ar Stress' in PSf
Fo! For For For

Depth Depth Depth Depth
lo40 926 845 8lO

5368 4775 4360 4178

4793 4264 3893 3730

4344 3868 3532 3384

3993 3553 3244 3108

3705 3296 3009 2883

4076 3626 3311 3L72

3957 3520 32t4 3080

3882 3454 3154 3021

3768 3352 3061 2932

5025 447L 4082 3911

4548 4046 3695 3540

4348 3868 3532 3384

4168 3708 3386 3244

4424 3936 3594 3443

4L28 35?3 3354 3213

4050 3503 3290 3152

3928 3495 3191 3057

4753 422e 3861 3699

4348 3858 3532 3384

4020 35?6 3266 3129

4440 3950 3607 3456

4305 3830 3497 3350

422L 3755 3129 3285

4091 3639 3323 3164

3913 3481 3179 30{5

Pillar Factor of Sa
For For For

Depth Depth Depth
1040 926 845

ol
pt
10

1.68 1.88 2.06

1.88 2.11 2.31

2.O7 2.33 2.55

2.25 
.2. 

53 2.77

2.43 2.73 2.99

2.2L 2.48 2.72

2.27 2.56 2.AO

2.32 2.61 2.85

2.39 2.6e 2.94

L.79 2. 01 2.20

1.98 2.22 2.44

2.O7 2.33 2.55

2.16 2.43 2.66

2.03 2.29 2.50

2.18 2.45 2.68

2.22 2.50 2.74

2.29 2.58 2.82

1.89 2.13 2.33

2.O7 2.33 2.55

2.24 2.52 2.76

2. 03 2.28 2. 50

2.O9 2.35 2-57

2.13 2.40 2.62

2.20 2.47 2.7L

115

,j41

j55

,190

iL2

i84

192

1tt
i07

I

.30

1to

166

i77

Jer

{80

i86

194

f43
I

r66

r88
I
I

160
I

i6e
ttze

83

oa2. 30 2.36 2.e3



TABLE 9

Location of 3" Ihicli
Tar-Satr.rated Sandstcrre

Hole ldo.

x-1
x-2
x-3
x-4
x-5
x-6
x-10

x-11

P-1

P-2

P-3

P-4

+13.8

+L4.65

+13.32

+13.6

+12.1 (?)

+1:!.9

+u.u
+L4.7

+13.95

+L6.2 (?)

+14.17

+t3.?2

Note: ltre locaticnrs fsr )r-5 end P-2 are dor:btfrrl.



TAELE 10

Resenres Based crr Fixed Roof Elerraticrt

Ua and Ub
Barzels
x 10J

Ua
Banels
x 10J

Ilb
Ba:rels
x 10r

+u

+2L

+15

+20

-35

-35

Float

ELoat

974,552

1,055,678

L,2L8,y6

L,297,736

Gal. /Icn

27.24

26.L7

26.4t

25.78

t$9,617

535,606

592,585

63t,777

Gal. /Tqr

27.4L

26.6L

26.60

26.t6

t$4,935

52L,072

625,76L

655,959

:kPositive and negati'ue signs indicate above and belcxv the lbhogarry lh:rker.



TABTE 11

Roof Factor of Safew and Rcof Sag

ltaxirran
Rocrn }faxisnro Deflecticrt
Widt]t Tensile Stress Factor of or Sag
Feet _PSI Safetv ].rrch

55 374 7.L7 0.0s74

57 .5 409 6.s5 0.0586

60 tAs 6.02 0-0813
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